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Progress Report

The purpose of the research program under grant AFOSR 84-0144 was twofold: to investi-

gate basic fundamental optical nonlinear processes in different materials and use the acquired

knowledge to design and build ultrafast optical logic devices, switches and processors. Substan-

tial progress has been achieved in both areas.

A. Major Achievements

I. Device design and construction

(1) A funtdamental logic switch, a nonlinear Sagnac interferometric switch has been proposed

and expel timent.! demonstrated. The device improvement in auto-isolation of

retroreflection has been noted.

(2) A modified switching device, a two port Sagnac interferometric switch (TISIS) has been

proposed. With two orthogonal polarization channels, the TPSIS can sw itch tine of the two

inputs to one of the two output ports. Various TPSIS based logic and arithmetic :ippla-

ions were described.

(3) For the reason that a ternar, number set is an optimum set in terms of storage complex-

ity. various binary coded ternary (13CP" optkitl arithmetic and logic computing methods

have been investigated. The IBUV representation hat, two id'antages. First it allows the use

of well developed binary optical components. ,Second. in mparison with other optical

multivalued number enoding schemes, it consert es the optical space bandwidth product.

Correspondingly, various BCT arithmetic and logic processing architectures and algorithms

were introduced.



(4) A Fabry-Perot resonator with an active Sagnac interferometer as its retroreflector has been

studied and the corresponding multistability results have been Calculated. The device can

be configured to be either an optical limiter, an amplifier, a logic or a memory element.

(5) An optical parallel computing method using polarization and hybrid encoded optical

shadow-casting has been proposed. One major advantage of this technique over its conven-

tional black/white and its theta modulation encoding counterparts is that it allows the

multiple data operations that are essential to general purpose optical computing.

(6) An optical phase conjugation (OPC) logic device has been proposed. All three input ports

are used to produce the spatially encoded logic output signal.

(7) A conditional symbolic modified sign-digit (MSD) arithmetic processing method using con-

tent addressable memory (CAM) has been proposed. Compared to other MSD processing

methods, the new method has the faster processing speed.

(h) An electro-optical theta-modulation based A/D conversion technique has been proposed.

Using an existing e-o waveguide deflector together with an array of precalculated

geometrical masks, various non-cyclic binary codes can be generated. Other theta modula-

tion based A/D conversion advantages found includes fast processing speed (ns or sub-ns).

low conversion voltage (2-3 volts for each level), and compact geometry.

Fundamental research

The following highlights the major achievements during the past two years:

I We have demonstrated the use of the Raman induced phase conjugate technique (RIPC)

both to obtain strong Raman signals and to measure relaxation times in liquids and solids

* using picosecond laser pulses 5 . We have obtained the picosecond RIK' spectra of carbon

disulfide, benzene. nitrobenzene. nitrotoluene. c)lcite, and lithium niobate . This new time

resolved spectroscopic method will not only allow to study the relaxation mechanisms

of the materials used in new broadband switching devices but also can lead ultimately to

the development of multispectral ultrafast optical processors.
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(2) Using the phase conjugation and Kerr techniques we have measured, the magnitude and

response time of the third order nonlinear coefficient X3 of polymers such as PMIN and

4BCMU (a polydiacetylene) at 532, 620, and 1064 rim. These measurements have shown

that the nonresonant nonlinear optical coefficient of 4BCMU is at least two order of mag-

nitude larger than CS, with a response time of less than 0.5 ps. At resonance the non-

linear optical coefficient can be several order of magnitude larger ( > 1000 10-11 esu ) but

an additional slow component ( < 12 ps) appears in the Kerr relaxation process. These

results confirm that polymers like 4BCMU appear to be perspective materials for future

logic devices.

(3) Similar measurements were carried out with several semiconductors2 such as ZnO, ZnSe,

and CdS. The values of A3 measured were 5 to ten times larger than CS,. However, the

response times were in the nanosecond range.

(4) The decay time of the phase conjugate signal in ZnSe was observed to decrease with

increasing pump intensity-. In wide band semiconductors several mechanisms are present

and contribute to the transient tour wave mixing process, i.e. bound electrons, free car-

riers and impurities. The decay dynamics will depend on which mechanism dominates. In

ZnSe our measurements have shown that at relatively low intensities, near zero delay, the

dynamics are due to the nonlinear response of Imund and free carriers, while at long delay

times, a slower decaying signal is observed due to recombination and diffusion of free car-

riers. The longer decay times at hi iler pump intensity indicates the presence of secondary
impurity gratings which dominate the light scattering process. The impurity grating in

ZnSe is due to the poxpulation o" carriers in a shallow donor state which has a decay rate

dependent on the population of carriers in a deep impurity level.

(5) A 2 ps real time four wave mixing technique was demonstrated to measure phonon life-

times and nonlinear optical response times. In this technique three pulses of different fre-

quencies, one very short < 2 ps pulse derived from a nonlinear supercontinuum at CO - f)

where f) corresponds to a vibrational frequency) and two 30 ps laser pulses at (o



interact in the nonlinear medium to generate a fourth beani nearly phase conjugate to one

of the laser beams at (a - (I The generated phase conjugate pulse is then sent to a streak

camera and a video computer system to record its time profile. The decay time of the gen-

erated pulse is directly related to the phonon lifetime and the nonlinear response time.

The resolution of the technique is limited by the streak camera and the duration of the

short pulse ( about 2 ps). The technique was used to determine phonon and vibrational

lifetimes in carbon disulfide and calcite. The measured lifetimes agree with earlier meas-

urements using different techniques. We plan to continue our investigations using this

new method to determine the relaxation mechanisms in semiconductor and polymer sam-

ples.

B. Publications to Date

[11 G. [ichmann. Y. Li. and R. R. Alfano, "Digital Optical Logic of Sagnac Interferometer

Switch," Opt. Fig. 25, 91 (1 9S6).

[21 Y. Li. G. Eichrnann, and R. R. Alfano, "Plulsed Ntloe Laser Sagnac Interferometry with

Applications in 'wnlinear Optics and Optical Switching," Appl. Opt. 25, 209 (1986).

[31 Y. LL. and G. Eichmann, "\Nloire lDeflectornetry of Phase Objects Using a Single Girating,"

Appl. Opt. 25. 477 (19,M).

[1] G. lichrni.nn, Y. Li. NI Ginner. and R<. R. Alfano. "Optical Comp~uting and l-ogiL Using

Two-port Sagnac Interferornetric Sw itches," P~roc. SPIE, 625. 79) (198T6).

[5] G. lFichmann, Y. Li. and R. R. Alfano, "Optical Binary Codied TFernaryv Arithmetic and

L o,,ic," Appi. Opt. 25. 3113 (1 9h6).

[01 Y. Li, 6. F ichrnann. and R. R. Alfano, "Optical Computing Lsing I lvhrid Frncoded Shadow

(aitin ." Appir. Opt. 25. 2030 (1980).

(7] G. Lichmann, Y. Li, and k. R. Alfano, "Optical BinarY Lncoded Multivalued Arithmetic

and Logic Using Tw,%o-port Sagnac Interferometric Switches" Proc. SPIE 7(00, 251 (1980).



[8] Y. Li, G. Eichmann, and R. R. Alfano, "Multistahle Vubr',- Perot Resonator with An Active

Sagnac Interferometer as Its Retroreflector," Opt. Comm. 61, 75 (1987).

[91 G. Eichmann, Y. Li. and R. R. Alfano, "Parallel Optical Logic Generation Using Optical

Phase Conjugation," Appi. Opt. 26, 194 (1987).

[101 Y. Li. G. Fichmann. X. Luo, P. P. Ho, and R. R. Alfano, "Ultrafast Digital Optical Comput-

ing Using Optical Second Harmonic Generators," Opt. Comm. in press.

1111 Y. Li, G. Eichmann, and R. R. Alfano, "Conditional Symbolic M.odified Sign-digit Arith-

metic U'singI Optical Content Addressable Memory Logic Elements." AppI. Opt. 26, 2328

(1987).

[121 G. Fichrnann, 'i. Li, and R. R. Alfano, "Digital Optical lsochronous Array Processing,"

Appl. Opt. 26 (1987) in press.

[13] N*..Li , C;i. 17i Ch1rnann, and R. R. Alfano. "Fast Pdrallel Optical Digital Multiplication." Opt.

Comm. 62. 272() (1987).

[141 J1. T. Ninassah. R. R. Alfano. M. Conner, anti P. P,. 1 io. " Photon Echo in Direct Gap Semn-

iconductor," Physics Lett. 106A, 65 (19%4).

[15] J1. Buchert, R. Dorsinville, P. Delfvett. S. KrimchanskY, and R. R. Alfano, "Determination

of Temral Correlation of Ultrafast Laser Pulses Using Phase Conjugation," Opt. Comm.

52. 433(19h5).

[16] .1. Buchert. R. Dorsinville, P. lDelfvett. R. R. Alfano, "Determinition of Single anti Collec-

tive Partical Correlation Kinetics Usin- 'ime Resolved Picosecond Phase Con jugation."

P~roc. oit the International Conterence on Lasers h5 340) (19N6).

[17] P. I)elfv\ett. R. lDorsinville, and R. R. Alfano, "Trime Resolved Picosecond Ranman Induced

Phase Conjugation in liquids and Solidfs," Proc. oif the International Laser Science Confer-

ence, 5%K (198().

[181 R. Dorsinville, P. Delfyett, and R. R. Alt ano, "Ultrafast Raman Induced Phase Conjugation

Spec troscopv," Ultrafast Phenomena VI (198) Springer-Verlag.

04
%. .. MM



[19] P. P. Ilo, R. Dorsinville, %. L 'Yang, G. Odian, (G. Eichmann, T'. Jimbo, Q. Z. Wang, G. C.

Tang, W. K. Kou, Y. Li, and R. R. Alfano, "Nonlinear Optical Processes in 4BCM.NU-

Polydiacetylene," Proc. SPIE, 682, 36 (1986).

[20] P. Delfvett. R. Dorsinville, and R. R. Alfano, "Itnst Dependent Diffusion in ZnSe

Using Picosecond Time Resolved Phase Conjugation," Proc. SPIE (1987)

[21] R. Dorsinville. P. Delfyett, and R. R. Alfano, "Time Resolved Picosecond Raman Induced

Phase Conjugation in Liquids and Solids," Appi. Opt. 26, (1987) in press.

Presentations and Abstracts

[1] Y. Li, G. Eichmann, and R. R. Alfano, 0Optical Switching Using a Sagnac Interferorneter,*

1985 OSA Annual Meeting, Washing, D.C. oct. 1985.

[2] G. Eichmann, Y. Li. NI Conner, and R. R. Alfano, "Optical Computing and Logic Using

Two-port Sagnac Interferometric PIE Conference on Digital Optical Computing. Los Ange-

las. CA. Jan. 19S6.

[](I. Fichrnann, \ . Li. and R. R. Allano. "Orticai 13inar,\ Iincoted \lultivalued Arithmetic

and Logic Using 'I wo-port Sagnac Interferometric Switches," International Conference on

IDi i tal Optical Coimputation, Israel. Julyv, 19S6.

[4] Y. Li. G. Lichmzann, 1). 1). Il. and R. R. AlIfano. "O ptical D~igital (Tom puting Using Noncol-

linear Second I larmonic Gleneration." AP\IS A-nnual Nk-etin,. Ye ork, March, 19(S7.

[5] P. Delfyett, R. LDorsinville. and R. R. Alfano, " Timed Resolved Picosecond Raman Induced

Phase Conjugation in Liquids and Solids," International La:%er Science Conference (ILSC).

Dallas. Texas, Nov. 1985.

[61 R. lDorsinville. J. liuchert. P1. Delf vett, and R'. R'. Alf'ano. "Singl Shot Autocorrelator Based

on D~egenerate Lour Wave \Iixing," International Conierence on LA-\SE'RS' 85, Las Vegas,

Nevada, Dec. 1985.

(7] K'. [)orsinville, J. fluchert, P. Delfyett, and R. K'. Alfano. "Determination of Single and Col-

lec tive lPartica I Correlation Kinetics List niv Ti me Resolved IPicosec ond Phase Conjugation,"



7

International Conference on LASERS' 85, 1 -as 'egas, Nevada, Dec. 1985.

[8) P. Delfvett, R. Dorsinville, and R. R. Alfano, *T.ansient Gratings in Wide Bandgap Cry-

stals," Conference on Ultrafast Laser-Probe Phenomena in Bulk and M.icrostructure Sem-

iconductors, New York, Mlar. 1987.

[91 P. Delfyett, R. Dorsinville, and R. R. Alfano, "Picosecond 'rime Resolved Transient Grat-

ings in ZnSe," APS Annual Meeting, New York, Mlar. 1987.

IL



EIV

." 0'6


